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Summary  This  research  paper  depicts  the  application  of  highly  powerful  and  accurate
semi-analytical  methods,  Differential  transformation  method  (DTM)  to  portray  the  non  linear
temperature  distribution  of  convective-radiative  ﬁn  with  variable  speciﬁc  heat.  With  the  help  of
DTM, the  nonlinear  terms  appeared  in  governing  equations  are  reduced  to  recurrence  relation
with non-dimensional  terms.  A  longitudinal  ﬁn  of  constant  rectangular  proﬁle  through  which  air
ﬂows in  transverse  direction  at  ambient  temperature  has  been  considered  for  present  analysis.
The governing  differential  equation  and  corresponding  boundary  conditions  are  decided  based
on the  heat  transfer  in  longitudinal  ﬁn.  The  governing  equation  is  non-dimensionalised  for  suc-
cessful application  of  DTM  with  generalised  terms.  The  results  of  temperature  distribution  in  ﬁn
have been  obtained  for  a  range  of  values  of  several  parameters  of  DTM.  The  results  have  indi-
cated that  DTM  is  efﬁcient  and  convenient  tool  for  analysing  nonlinear  differential  equations  of
several environments.  Present  results  have  been  compared  and  analysed  with  other  analytical
methods  available  in  literature.
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IntroductionFins  are  extended  surface  and  it  has  myriad  applications  in
thermal  devices  such  as  refrigerator,  automobile,  electric
 This article belongs to the special issue on Engineering and
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hips  and  chemical  processing  equipment  to  enhance  heat
ransfer  between  hot  primary  surface  and  surrounding  envi-
onment  of  ﬂow  of  working  ﬂuid  (Kraus  et  al.,  2001;  Kem
nd  Kraus,  1972).  Application  of  rectangular  ﬁns  is  much
ommon  due  to  simplicity  of  design  and  low  cost.  When  tem-
erature  difference  is  very  large  between  tip  and  base  of  the
n,  the  effect  of  change  in  thermal  conductivity  can’t  be
voided.  Razani  and  Ahmadi  (1977)  have  produced  thermal
nalysis  of  circular  ﬁns  with  an  arbitrary  heat  source  dis-
ribution  corresponding  to  nonlinear  thermal  conductivity
icle under the CC BY-NC-ND license (http://creativecommons.org/
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nd  results  have  been  produced  for  optimum  ﬁn  design.
ooman  et  al.  (2007)  have  carried  out  heat  transfer  analysis
ased  on  optimisation  of  entropy  generation  in  porous  satu-
ated  rectangular  ducts  of  convective  media.  Domairry  and
azeli  (2009)  estimated  non-dimensional  temperature  dis-
ribution  on  the  basis  of  Homotopy  analysis  method  (HAM)
or  convective-radiative  straight  ﬁns  with  temperature-
ependent  thermal  conductivity.  Ganji  et  al.  (2011)  applied
omotopy  perturbation  method  (HPM)  to  ﬁnd  out  tem-
erature  distribution  of  convective-radiative  ﬁns.  Aziz  and
orabi  (2012)  explored  variation  of  temperature-dependent
hermal  conductivity,  heat  transfer  coefﬁcient  and  surface
missivity.  Singla  and  Das  (2013)  implemented  inverse  heat
ransfer  analysis  along  with  ADM  for  transient  temperature
istribution  of  convective-radiative  rectangular  extended
urface.  Kanti  et  al.  (2015)  derived  temperature  distribution
n  convective-radiative  ﬁns  with  the  help  of  decomposition
ethod  and  studied  the  effect  of  sink  temperature  and  heat
eneration  number.
The  concept  of  Differential  Transformation  Method  was
rst  successfully  applied  in  the  engineering  domain  by  Zhou
1986)  who  solved  both  linear  and  nonlinear  initial  value
roblem  of  electrical  circuits.
athematical formulation
ssuming  a  straight  longitudinal  ﬁn  with  constant  rectangu-
ar  proﬁle  of  sectional  area  ‘A’,  length  ‘L’,  width  ‘w’  has
een  exposed  to  an  environment  of  temperature  Ta,  con-
ective  coefﬁcient  ‘h’  and  sink  temperature  of  radiation  is
s (refer  Fig.  1).  The  governing  equation  for  present  case
an  be  written  as  follows  (Lienhard,  2006):
Vc
dT
dt
+ hA(T  −  Ta)  +  εA(T4 −  T4s )  =  0  (1)
t  t  =  0,  T  =  Ti (2)
Assume  heat  capacity  c  is  a  function  of  temperature  and
t  is  varying  linearly  with  temperature  variation.  Mathemat-
cally  it  can  be  expressed  as  follows:
 =  ca[1  +  ˇ(T  −  Ta)]  (3)
undamental of Differential Transformation
ethod (DTM)
ssume  x(t)  be  analytic  in  a  domain  D  and  t  =  ti represents
ny  point  in  D.  The  function  x(t)  can  be  represented  by  a
igure  1  Schematic  representation  of  rectangular  ﬁn  in
onvective-radiative  environment.
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ower  series  whose  centre  has  been  located  at  ti.  The  Taylor
eries  expansion  function  of  x(t)  can  be  written  as  (Hassan,
004):
(t)  =
∞∑
k=0
tk
k!
[
dkx(t)
dtk
]
t=t0
(4)
As  explained  in  Hessameddin  and  Mohsen  (2011),  the
ifferential  transformation  of  the  function  x(t)  can  be  rep-
esented  as  follows:
(k)  =
∞∑
k=0
Hk
k!
[
dkx(t)
dtk
]
t=t0
(5)
In  Eq.  (5)  x(t)  is  the  original  function  and  X(k)  is  the
ransformed  function.  The  differential  spectrum  of  X(k)  is
onﬁned  within  the  interval  t  ∈  [0,  H],  where  H  is  a  con-
tant.  The  differential  inverse  transform  of  X(k)  is  deﬁned
s  follows:
(t)  =
∞∑
k=0
(
t
H
)
k
X(k) (6)
pplication of DTM in present investigation
o  solve  Eq.  (1),  the  following  parameters  are  to  be  changed
n  non-dimensional  parameters.
 = T
Ti
, a = Ta
Ti
, s = Ts
Ti
,  = t
( Vca
hA
)
,  ε1 = ˇTi, ε2 =
ET3
i
h
(7)
After  putting  all  the  non-dimensional  parameters  as
hown  in  Eq.  (9),  heat  transfer  equation  and  the  correspond-
ng  boundary  conditions  will  become:
1  +  ε1(  −  a)]d
d
+ (  −  a)  +  ε2(4 −  4s ) =  0  (8)
t    =  0    =  1  (9)
To  simplify  the  problem,  it  has  been  assumed  that,
s =  a =  0.  Thus  we  have:
1  +  ε1] dd +    +  ε2
4 =  0  (10)
With  the  help  of  inverse  differential  transformation,  the
ower  series  solution  can  be  written  as  (Hessameddin  and
ohsen,  2011):
i()  =
n∑
k=0
(

Hi
)k
˝i(k),  0  ≤    ≤  Hi (11)
Based  on  initial  condition  in  Eq.  (11),  at  point    =  0,  the
ransformation  gives:
(0)  =  1  (12)
From  Eq.  (13),  applying  power  series  based  on  inverse
ifferential  solution,  it  can  be  expresses  as  follows:
1 +  ε2(1)  =  −
1  +  ε1 (13.a)
(2)  = 1
2
(1 +  ε2)(3ε1ε2 +  4ε2 +  1)
(1  +  ε1)3
(13.b)
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HFigure  2  Variation  of  non-dimensional  temperature  with  non-
dimensional  time  based  on  DTM.
˝(3)  =  −1
6
(1  +  ε2)(28ε22 +  40ε1ε22 +  15ε21ε22 +  20ε2
+20ε1ε2 +  6ε21ε2 −  2ε1 +  1)
(1  +  ε1)5
(13.c)
˝(4) = 1
24
(1 +  ε2)
(1  +  ε1)7
(−8ε1 +  580ε1ε32 +  69ε1ε2 +  84ε2 +  280ε32
+  420ε21ε32 +  105ε31ε32 +  6ε31ε2 +  84ε31ε22 +  36ε21ε2 +  6ε21
+  336ε22 +  576ε1ε22 +  369ε21ε22 +  1)  (13.d)
Results and  discussion
Fig.  2  entails  the  variation  of  non-dimensional  temperature
distribution  ()  with  non-dimensional  time    for  different
set  of  values  of  ε1 and  ε2 on  the  basis  of  Eq.  (16).  It  can  be
easily  understood  that  ()  is  decreasing  with  increment  of
  up  to  a  particular  value  of    of  convective-radiative  ﬁn
with  variable  speciﬁc  heat.  The  graphical  representation
denotes  that  for  higher  value  of  ε1 and  ε2 rate  of  heat
transfer  is  higher  and  system  reaches  to  thermal  equilibrium
in  faster  rate.
The  variation  of  ()  w.r.t.  ε1 for  three  different  set  of
values  of    and  ε2 are  shown  in  Fig.  3  and  it  is  convenient  that
()  is  increasing  with  the  increase  of  ε1.  As  shown  in  Fig.  4,
()  is  decreasing  with  increase  of  ε2 for  three  different  set
of  values  of    and  ε1.  Present  analysis  has  been  well  veriﬁed
by  the  research  work  produced  by  Ganji  et  al.  (2007)  and
Khaleghi  et  al.  (2007)  The  comparison  analysis  of  DTM  with
other  analytical  techniques  (VIM,  HPM,  HAM)  conﬁrms  that
DTM  produces  more  acceptable  results.
Figure  3  Variation  of  non-dimensional  temperature  with  ε1
based  on  DTM.
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Zigure  4  Variation  of  non-dimensional  temperature  with  ε2
ased  on  DTM.
onclusion
his  new  method  has  elaborated  the  convergence  range  to
he  solutions.  However  for  this  kind  of  problems,  DTM  is  bet-
er  than  HPM,  HAM  and  VIM.  The  ﬁgures  and  tables  clearly
ndicate  this  method  provides  excellent  approximations  to
he  solution  of  these  nonlinear  equations  with  high  accuracy
n  acceptable  form.
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